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Abstract 
This paper involves the study of nose radius effect and graphite addition during turning of AA 7075-ZrB2 in-situ metal matrix 
composite. This in-situ method involves formation of reinforcements within the matrix by the chemical reaction of two or more 
chemical compounds that produces some changes in the matrix material within the vicinity. To form Zirconium Boride (ZrB2) 
reinforcement in the matrix, two chemical salts of Potassium Tetrafluoroborate (KBF4) and Potassium Hexafluorozirconate 
(K2ZrF6) were added. After the fabrication of the test specimen, the specimen is subjected to turning in CNC high speed turning 
center.  Four important parameters of tool nose radius, cutting speed, feed rate and depth of cut were taken for the present 
investigation. The in-situ composites were fabricated via-stir casting method followed by manually forge it. The fabricated 
specimen was turned using a 0.4 mm nose radius and 0.8 mm nose radius of PCD CNC inserts. After turning, the metal removal 
rate and surface roughness were measured and investigated. Based on the results obtained, it was observed that 0.8 mm nose 
radius inserted tool produced excellent machinability when compared to 0.4 mm nose radius. It was noted here that the higher 
rate of cutting speed, lower rate of feed rate and lower depth of cut combination process parameter produced excellent 
machinability. Further, the graphite reinforced in-situ AA 7075-3% ZrB2-1% Gr hybrid composite exhibited improved 
machinability than others samples of AA 7075 alloy, AA 7075-3%ZrB2 in-situ composite. This was due to self-lubricant property 
of graphite particles. 
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1. Introduction 
Aluminium alloys have been playing an important role in every sector of the industry, due to its low density, high 
machinability. The current trends indicate that aluminium based metal matrix composites (MMCs) are especially 
preferred by the industries due to its high corrosion resisting properties and excellent capability to withstand various 
kinds of stresses. The aluminium based MMCs can be manufactured using different types of processes like 
mechanical alloying [1], spray deposition [2], squeeze casting [3], powder metallurgy [4],  and stir casting [5,6]. The 
properties of these MMCs mainly lie in the method in which they are manufactured. The MMCs are processed in 
two different states, liquid state and solid state. Comparatively the liquid state processing has been preferred due to 
simplicity in method and large quantity of production. The method in which the reinforcements are added to molten 
matrix externally is called Ex-situ method and the one in which it is melted along with is called In-situ method. The 
major advantages of in-situ method produce fine size of ceramic particles, good interfacial bonding strength, 
uniform distribution of particles, thermodynamically stable and low cost [7]. There is no much work related to 
turning of in-situ based MMCs. The primary goal of this work is to study the effect of the nose radius on surface 
roughness during the machining of three metal matrix composites, namely AA 7075, AA7075-3%ZrB2, AA 7075-
3%ZrB2-1%Gr. The turning of these composites was done with the help of 0.4 mm nose radius and 0.8 mm nose 
radius of Polycrystalline Diamond (PCD) CNC inserts for analyzing the surface roughness characteristics. Surface 
roughness plays a vital role during machining. Hence surface roughness has been calculated in each turn with 
different set of feed rate, cutting speed and depth of cut. A good set of these parameters had chosen during the 
present investigation. 
 
2. Experimental Procedures 
 
2.1 Choice of materials 
 The materials used in this analysis consists of three types of metal matrix composites, AA7075, AA 7075-
3%ZrB2 and AA 7075-3%ZrB2-1%Gr. These materials were chosen due to their good properties of machining. 
These materials have a large fatigue strength and exhibits excellent resistance to corrosion. These materials are used 
in aerospace industries and have a lot of demand in future trends. The chemical composition of this AA 7075 is 
shown in Table 1. 
 
Table 1: Chemical composition 
Elements Zn Cu Ti Mg Cr Si Al 
Weight % 5.29 1.71 0.54 2.46 0.21 0.2 Balance 
 
 
2.2 Manufacturing method 
All the materials used were manufactured by stir casting process (Fig. 1(a)). The reinforcements ZrB2 was 
formed by the In-Situ method of casting. It was obtained as a result of a chemical reaction between Potassium 
Tetrafluoroborate (KBF4) with Hexafluorozirconate (K2ZrF6). These two salts were mixed in a proportion such that 
they account for 3% of Zirconium diboride in the stoichiometric composition. Graphite is well known to be a solid 
lubricant. So, one percent of graphite was added to the metal matrix in order to improve the machinability of the end 
product. The AA7075 was allowed to melt at 870°C and after obtaining a stable condition, the salts were mixed and 
stirred continuously in order to form the final reinforcement required and then allowed to stabilize. The slag formed 
on the top of the molten state was removed and this melt was poured in a metal mould of φ30x200mm. 
 
2.3 Turning method 
 The turning process was done with the help of a Smart Jr CNC turning centre using a Polycrystalline Diamond 
(PCD) insert of nose radii 0.4mm and 0.8mm. The range of cutting speed is between 125mm/min to 300mm/min, 
feed rate varies from a range of 0.075mm/rev to 0.225mm/rev, depth of cut between 0.5mm to 1.5mm. Three sets of 
feed rate and depth of cut combinations were chosen in order to measure the surface parameters. The setup is shown 
in Fig 1.(b). 
 
2.4 Measuring the surface roughness 
Control unit
           Stirrer 
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The surface roughness was measured with the help of Handy Surf E-DTS5706. It consists of a probe which records 
the surface roughness using a 4mN of measuring force and a 5μm radius diamond end, 90° cone measuring probe. 
The setup is shown in Fig 1.(c). Each sample was machined with 0.4 mm nose radius and 0.8 mm nose radius of 
PCD CNC inserts and the surface roughness analysis was carried out 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Stir casting set-up, (b) Smart Jr CNC Turning centre, (c) Handysurf surface roughness measuring device 
 
 
3. Results and discussion 
3.1. XRD and microstructure examination 
The fabricated composites were characterized by X-ray diffraction (XRD) method. This test was carried 
out to confirm the various phases present in the composites. Fig. 2 shows the XRD (using Cu-Kα radiation and 
operating at 40 kV and 100 mA) patterns of AA 7075 alloy, AA 7075-3% ZrB2 composites and AA 7075-3%ZrB2-
1%Gr hybrid composites. From Fig. 2, it was observed that the ZrB2 peaks were formed by in-situ over the AA 7075 
alloy matrix. The presence of Gr in hybrid composite was also noticed around 28.5° diffraction angle. It was 
evidenced the successful fabrication of hybrid in-situ composites. Further, major alloying elements of Zn and Mg 
related to AA 7075 matrix were also noticed.  
The microstructures of the as-casted samples are shown in Fig. 3. From the microstructural analysis, the 
presence of ZrB2 particles and Gr were conformed in AA 7075 matrix alloy. Further, the matrix grain size of AA 
7075-3% ZrB2 in-situ composite was decreased from 90 Pm of AA 7075 alloy to 60 Pm in as casted condition. This 
was attributed to that the formation of ZrB2 particles was pin downing the grain growth of matrix during casting 
itself. The mechanical properties of AA 7075, AA 7075-3%ZrB2 in-situ and AA 7075-3%ZrB2-1%Gr in-situ hybrid 
composite were examined in terms of hardness and flexural strength. Fig.3 show the variation of hardness and 
flexural strength. From Fig. 3(a), it was observed that the hardness value of AA 7075-3% ZrB2 in-situ composite 
was 22% higher than AA 7075 alloy. This was attributed to the embedding of ZrB2 particles over the matrix. 
However, the hardness value of AA 7075-3%ZrB2-1%Gr in-situ hybrid composite exhibited 220 HRA which was 
13% lower than AA 7075-3%ZrB2 composite and 6% higher than AA 7075 alloy. This decreasing of hardness was 
attributed to the addition of 1%Gr over the matrix which softens the structure due self-lubricating property of Gr. 
From Fig. 3(b), it was observed that the flexural strength of AA 7075-3%ZrB2 in-situ composite exhibited 1.15 
times higher than AA 7075 alloy. The increasing of flexural strength was attributed to the particulate strengthening 
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of ZrB2 particles which were embedded in the matrix. Further, the flexural strength of AA 7075-3%ZrB2-1%Gr in-
situ hybrid composite had possessed lower value. This was expected to softening of structure which was given by 
the addition of 1% Gr over the matrix. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. XRD results for prepared in-situ composites 
 
 
3.2 Examination of surface roughness during turning 
The main aim of the present investigation is to study the variation of surface roughness while varying the 
parameters like cutting speed, feed rate and depth of cut while turning of MMCs sample A, Sample B and Sample C 
which are AA7075, AA 7075-3%ZrB2 and AA 7075-3%ZrB2-1%Gr respectively, using PCD tool of nose radii 
0.4mm and 0.8mm. The measured surface roughness values with different cutting parameters and nose radius are 
shown in Table 2, Table 3 and Fig. 4. While turning the sample with feed rate 0.75mm/rev and depth of cut 0.5mm 
(Fig. 4(a)), it was observed that the surface roughness decreased with increase in all cases. While machining the 
samples with an insert of nose radius 0.4mm, it was observed that surface roughness varied from 1.45 microns to 
1.78 microns as maximum in which AA 7075-3%ZrB2 exhibited maximum surface roughness while the other two 
samples exhibited almost similar roughness characteristics. While machining the samples with a tool of nose radius 
0.8mm it was found that the surface roughness of all the samples decreased drastically when compared to machining 
with a nose radius 0.4mm. Further, the surface roughness decreased with increase in cutting speed. 
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Fig. 3. Microstructure of: (a) AA 7075 alloy, (b) AA 7075-3% ZrB2 in-situ composite, (c) AA 7075-3%ZrB2-1% 
Gr hybrid in-situ composite 
 
 
. It was observed that sample B had highest surface roughness value with 1.53 microns at a cutting speed of 
125mm/min. The lowest value of surface roughness was observed in sample A with 1.276 microns at a cutting speed 
of 125mm/min This was due to the presence of ZrB2 particles in the sample B which produced more resistance 
against shearing. However, the sample C produced lower value of surface roughness when compared to sample B. 
This was attributed to presence of Gr particles and its self-lubricating properties in the matrix which improved the 
machinability.   While machining at the same feed rate and depth of cut, it was observed that chips formed were 
longer in size in sample A and the observed metal surface was polished and mirror shaped one. The surface finish 
was glossy in nature. This was due to the natures of PCD tool. Moreover, there were no serrations formed in the 
chips during machining. The work pieces e seemed to be free of burrs. 
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Table 2: Surface roughness of workpieces turned using PCD tool of nose radius 0.4mm 
Feed 
 (mm/rev) 
depth of cut 
 (mm) 
cutting speed 
(m/min) 
Average surface roughness (μm) 
AA 7075 AA 7075-
3%ZrB2 
AA 7075-3%ZrB2-
1%Gr 
0.075 0.5 125 1.609 1.786 1.612 
  150 1.593 1.759 1.592 
  175 1.512 1.741 1.584 
  200 1.442 1.734 1.541 
0.15 1 125 2.972 3.473 3.182 
  150 2.734 3.132 2.868 
  175 2.52 2.927 2.72 
  200 2.431 2.801 2.52 
0.225 1.5 125 3.509 3.893 3.872 
  150 3.361 3.695 3.605 
  175 3.174 3.598 3.487 
  200 2.958 3.493 3.368 
 
 
Table 3: Surface roughness of workpieces turned using PCD tool of nose radius 0.8mm 
Feed 
 (mm/rev) 
Depth Of Cut 
 (mm) 
Cutting Speed 
(m/min) 
Average surface roughness (μm) 
AA 7075 AA 7075-
3%ZrB2 
AA 7075-3%ZrB2-
1%Gr 
0.075 0.5 125 1.368 1.533 1.462 
  150 1.339 1.501 1.438 
  175 1.288 1.482 1.374 
  200 1.276 1.468 1.335 
0.15 1 125 2.526 3.292 2.705 
  150 2.324 2.917 2.538 
  175 2.242 2.827 2.412 
  200 2.135 2.766 2.342 
0.225 1.5 125 3.281 3.649 3.292 
  150 3.112 3.566 3.014 
  175 2.923 3.513 2.931 
  200 2.769 3.381 2.862 
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Now, Increasing the feed rate and depth of cut to 0.15mm/rev and 1mm respectively (Fig. 4(b)), it was 
observed that there was a gradual increase in the surface roughness of all the samples. While machining with the 
tool of nose radius 0.4mm, the surface roughness values were observed to be almost high than the values obtained 
previously. As mentioned in the above case, sample B showed the highest surface roughness value of 3.473 microns 
at 125 mm/min cutting speed and sample A showed the lowest roughness of 2.431 microns at 200 mm/min. There 
was no serrations formed during the machining, but the chip thickness increased due to the increased depth of cut. 
While machining the samples with the tool of nose radius 0.8mm, sample B showed the highest surface roughness 
value of 3.292 microns at 125mm/min cutting speed and sample A showed the lowest roughness of 2.135 microns at 
200mm/min. Machining with diamond tool proved that it can provide a polished surface finish. It was observed that 
the lines i.e. the path of tool were able to be traced due to high depth of cut. It was also found that the lengths of the 
chips were found to be a decreasing while the cutting speed increased. 
 Further increasing the feed rate and depth of cut from 0.15mm/rev and 1mm to 0.225 mm/rev and 1.5mm 
respectively (Fig. 4(c), it was noted that the chip thickness increased and the surface roughness values were 50% 
higher than the previous case. The machining when done with a nose radius of 0.4mm, it was observed that the 
roughness values kept decreasing, but there was no drastic change. Due to the high depth of cut and feed rate, the 
finished surface had lines visible to naked eye, but the surface was polished. As mentioned in the above, sample B 
showed the highest surface roughness with 3.893 microns at 125mm/rev and the lowest surface roughness value was 
observed in the sample A with 2.958 microns while machining with tool of nose radius 0.8mm same type of 
characteristics was observed, but the surface roughness values were decreased due to the higher nose radius. This 
type of tool also showed a good polished surface finish. Likewise the sample B showed the highest surface 
roughness of 3.649 microns at 125 mm/min and sample C showed lowest of 2.769 at 200mm/min. The Fig. 4 
indicates that as the feed rate and depth of the cut increases, surface finish of the product starts to decrease. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 4 Variation of Surface Roughness with different cutting parameters and different nose radius  
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4. Conclusions 
The following are the conclusions derived while machining the three samples AA7075, AA 7075-3%ZrB2 and AA 
7075-3%ZrB2-1%Gr with PCD tool and different nose radii 0.4mm and 0.8mm. 
 During the turning process, when the nose radius of the tool increased, the surface roughness of the work 
piece decreased. 
 The PCD tool provides a polished surface finish without any burrs and surface cracks. 
 AA 7075-3%ZrB2 showed the worst machining characteristics with high surface roughness compared to 
other two metal matrix composites 
 The optimal machining characteristics were observed at feed rate of 0.075 mm/rev and depth of cut 0.5mm 
at 200mm/min cutting speed with 0.8 mm nose radius. 
 As the feed rate and depth of cut decreases the surface finish increases with increase in cutting speed. 
 The chips formed during the machining did not have any serrations and were found to be continuous when 
the nose radius was 0.8 mm.  
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